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‘ ABSTRACT 


he order to respond to evolving aircraft maintenance/mate- 
rial sypport process and planning procedures and reporting sys- 
tems, the Navy CASEE (Comprehensive Aircraft Support Effective- 
ness and Evaluation) Model requires periodic updating and re- 
structuring. The CASEE enhancements described in this report. 
resulted from basic needs within the CASEE user community to have 
CASEE reflect the changing criteria that are instrumental in 
evaluating Fleet operating and maintenance policies and options. 


Specific enhancements were selected and implemented based on 
their projected utility in known and anticipated CASEE applica- 
tions. Each was defined by a problem statement and a corrective 
action description. Program listings incorporating the enhance- 
ments were subsequently generated. A new CASEE version, Version 
5, was developed as an initial attempt to reflect SCIR (Subsystem 
Capability Impact Reporting) system reporting criteria. Optional 
logic was developed to allow CASEE to more accurately simulate 
Navy Non- Cyclic flight operations that are more typical of 
shore-based operations. To provide even more visibility into the 
Intermediate Maintenance Activity (IMA), which was enhanced in 
Version 3, changes were made to improve the ability of CASEE to 
simulate support equipment availability at the IMA. 


The verification process used to ensure the integrity of the 
enhancements are similar to those employed in previous updating 
efforts. The process consists of functional logic checks of all 
enhancements and numerical validation of the enhancements where 
possible. From these results it is concluded that the enhanced 
model performs all intended functions in a credible manner. Im- 
proved confidence can only come with use of the model or with a 
dedicated, tailored verification based on fleet experience. It 
is recommended that further efforts be extended to incorporate 
additional enhancement candidates. 


In addition, it is recommended that a meeting of the Navy 
CASEE users group be scheduled in the near future to discuss the 
newly implemented CASEE enhancements. Such a meeting would be 
most helpful in informing all active users of the CASEE changes 
which were the result of this enhancement effort as well as dis- 
cuss selected topics of particular interest to the user comnun- 
ity. 
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INTRODUCTION 


__ In the efforts to evaluate and upgrade maintenance and mate- 
rial support of fleet air operations, that includes the Navy 
Logistics Research Program, computer simulation modeling has 


proved to be a very cost effective tool with which to evaluate 


complex situations. The Navy CASEE (Comprehensive Aircraft Sup- 
port Effectiveness Evaluation) Model is a primary computer simu- 
lation model used in the analysis of Integrated Logistic Support 
(ILS) concepts in support of the fleet air operations. Periodic 
updates to this model are required to enable it to conform to the 
evolutionary changes in fleet maintenance reporting procedures 
and related evaluation requirements. Coupled with changing fleet 
requirements are advances in computer hardware and software tech- 
nologies. Such techological advances allow for increased simula- 
tion capabilities without restrictive increased costs in model 
development during simulation run time and execution. 


The CASEE Model is now represented by Version 3 and Version 
4. Version 3 includes a speed up option which significantly de- 
creases model execution time and is a general model used primari- 
ly in simulating carrier-based air operations. Version 4 incor- 
porates features unique to V/STOL (Vertical/Short Take-Off and 
Landing) aircraft operations. These V/STOL features allow for 
parent ship/host ship operations; host ship operations with shore 
based supply support, and host ship operations with no form of 
supply or maintenance support from any off ship source. The GPSS 
(General Purpose Simulation System) language is used for all ver- 
sions of CASEE. 


Recent Sea Based Air (SBA) ILS activity resulted in the 
identification of several additional update candidates for these 
current versions of CASEE. It was determined that an enhancement 
and verification effort should be pursued. Three major enhance- 
ment areas were to be addressed, namely, the implementation of 
the Subsystem Capability Impact Reporting (SCIR) readiness re- 
porting criteria per OPNAVINST 4790.2 and 5442.4 series, the 
incorporation of a non-cyclic launch scheduling routine and the 
modeling of IMA support equipment availability. The end item 
would be a new, fully operable, enhanced and verified modifica- 
tion of the previously used version of CASEE. Past procedures 
for program development, implementation and testing were to be 
followed to provide assurance of successful end item delivery. 


Norden Systems was instrumental in providing computer pro- 
gram development and implementation of the described enhance- 
ments. In conformance with a long-standing policy of encouraging 
periodic enhancement of CASEE, the Naval Air Systems Command 
(RAVAIR) provided the support required for the final selection 
and implementation of the enhancement candidates identified under 
this task. The direct technical participation of both the SBA 
Logistics Manager (AIR-4105B) and the CASEE Manager (AIR-5143) 
facilitated the succesful accomplishment of the overall enhance- 
ment and ver. ‘icatic~ endeavor. Figure 1 shows the overall 
organizationa. .11: ionships pertinent to this task. 
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ENHANCEMENT 


General 


The enhancements implemented under this task are intended 
to satisfv three basic needs of the CASEE user community: 
the need to output CASEE simulation results in a SCIR reporting 
format, the need to have CASEE more accurately simulate non- 
cyclic or shore-based launch scheduling flight operations, and 
the need for more visibility into the impact of support equipment 
interactions with the overall IMA environment. Because these 
enhancements, especially the SCIR enhancement, reflect some major 
cease to the model, a new version of CASEE, Version 5, has been 

ssued. ; 


These enhancements are defined in detail in the following 
paragraphs. A description of each problem area is provided with 
particular emphasis placed on the SCIR enhancement. To appreci- 
ate the implementation of SCIR readiness reporting criteria in 
CASEE, the impact of this newly implemented system on weapon 
system, subsystem and equipment readiness reporting must first be 
understood. Therefore, a description of the SCIR system and its 
associated reporting policies and procedures are discussed. The 
other enhancements are also briefly described. In order to com- 
pletely identify each enhancement, a set of fully annotated 
listings of the final form of the CASEE version are included as 
Appendix A to this report. 
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Differences Between ASD and SCIR Readiness Reporting Systems 


Prior to this effort, all versions of CASEE were modelled to 
measure and track weapon system readiness status using the Avia- 
tion Statistical Data (ASD) reporting system. The Navy SCIR re- 
porting system was implemented on 1 July 1979 for Department of 
the Navy aircraft,ground support equipment and training devices. 
The implementing instruction replaced all ASD reporting. This 
new readiness reporting system was implemented to provide a 
better and more complete method of determining subsystem avail- 
ability and relating its performance to aircraft mission capabil- 
ity. To implement this readiness reporting system, newly devel- 
oped maintenance policies, procedures and responsibilities were 
established and delineated by the Navy. The objective of this 
enhancement of CASEE was intended to modify the appropriate model 
logic to take into consideration the readiness implications 
brought about by this new reporting system. This enhancement was 
to provide the CASEE user’s community with the means to generate 
simulation results using the same reporting procedures and mis- 
sion performance definitions which are consistent with those 
currently generated by all aircraft reporting custodians. 


Under the ASD system there were anomalies inherent in the 
reporting system which greatly reduced visibility into the impact 
of maintenance actions upon weapon system readiness. The basic 
problem in the ASD system is in the occurences of multiple air- 
craft downing discrepancies. Under the ASD reporting rules, only 
one of the discrepancies could be reported as putting the air- 
craft into a Not Operationally Ready (NOR) or Reduced Material 
Condition (RMC) status. Under these procedures, only the “worst” 
discrepancy of those available would be documented. It was at 
the discretion of the maintenance chief to determine which dis- 
crepancy of those available was the most significant in terms of 
degrading aircraft status. 


Because the system limited the reporting of only one dis- 
crepancy as the cause of aircraft degradation, information on 
those equipment which are not documented as downing discrepancies 
were lost and not properly reflected in the data. This problem 
was commonly known as the “shadowing” effect. 


Unlike the ASD system, all condition status information is 
documented directly on the VIDS/MAF. Information concerning the 
supply and maintenance conditions along with the Equipment Opera- 
tional Capability (EOC) code which reflects the capability of the 
aircraft because of the degraded system is documented against 
each equipment. Since every discrepancy is documented, "shadow- 
ing” is eliminated by the SCIR system. 


The most obvious change from the ASD system to the SCIR 
system is in the reporting terminology. The ASD system is up- 
Gated in Operational Readiness (OR) related terminology. The 
SCIR system is reported in Mission Capability (MC) related termi- 
nology. The two sets of terminology are generally comparable as 
is shown in Table 1. 


TABLE 1 


ASD & SCIR READINESS REPORTING 
TERMINOLOGY COMPARISON 


ASD System Terminology 
Full System Capable (FSC) 


Full System Capable (FSC) 


Reduced Material Condition 
(RMC) 


Reduced Material Condition- 
Maintenance (RMCM) 


Not Fully Equipped (NFE) 


Operationally Ready (OR) 


Not Operationally Ready (NOR) 


Not Operationally Ready - 
Unscheduled Maintenance 
(NORMU ) 


Not Operationally Ready- 
Scheduled Maintenance (NORMS) 


Not Operationally Ready- 
Supply (NORS) 


SCIR System Terminology 


Optimum Performance Capability 
(OPC) 


Full Mission Capable (FMC) 
Partial Mission Capable (PMC) 
Partial Mission Capable- 
Maintenance (PMCM) 


Partial Mission capable - 
Supply (PMCS) 


Mission Capable (MC) 

Not Mission Capable (NMC) 
Not Mission Capable- 
Unscheduled Maintenance 
(NMCMU ) 


Not Mission Capable- 
Scheduled Maintenance (NMCMS) 


Not Mission Capable- 
Supply (NMCS) 


Under the ASD system, an RMC status was a condition status 
in which the aircraft was capable of flying more than one but not 
all of its intended missions. However, no provisions were avail- 
able to define which missions could or could not be flown under 
this status. For this reason, the SCIR system was designed to 
correct this problem by ensuring that any discrepancies that de- 
grade Weapon Replaceable Assembly (WRA) and subsystem per for- 
mance can be related to specific mission capability. This is 
accomplished by means of a Mission Essential Subsystem Matrix 
(MESM) which is utilized as a cross reference to relate subsys- 
tems to specific mission requirements. All mission essential 
subsystems are assigned an Equipment Operational Capability (EOC) 
code. This code is then used to identify which missions can or 
can not be flown if this subsystem is not operational. For 
example, Category B EOC codes designate those subsystems that 
impact on the optimal performance status of the aircraft while 
category Z EOC codes designates those equipments that impact on 
the safety of flight requirements. EOC codes between A and Z are 
used for other missions of varying degrees. When a given subsys- 
tem generates a downing discrepancy, it can then be readily de- 
termined what missions are affected. This type of reporting 
provides much more consistency and visibility in defining and 
assessing mission capabilities and availability than was pre- 
viously provided under the ASD system. SCIR provides exact in- 
formation as to the availability of the aircraft for each mission 
type and the needed visibility in defining which subsystem was 
responsible for any degradation. 


In providing more insight into mission capability and sub- 
system degradation than ASD, the SCIR system allows for different 
and more detailed output reports to be generated. The SCIR sys- 
tem and therefore the SCIR enhancement resulted in a significant 
increase in the number of output data elements which are pro- 
duced. Readiness related data are traced and summarized at the 
weapon system level, subsystem level and component level. In 
addition, system impact, discrepancy detail and unavailable hours 
are provided for each readiness level and assigned as either 
maintenance or supply responsibility. 
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CASEE SCIR Logic Description 


In generating new output reports and categories to comply 
with the SCIR system, most of the computer coding changes re- 
quired to convert Version 3 to Version 5 involved the accumula- 
tion of mission capability statistics and the placement of these 
statistics in the proper matrix rows and columns. The configura- 
tion changes to the computer code in this effort were extensive. 
One subprogram was virtually rewritten and several subprograms 
were added. Additional computer code changes were incorporated 
in the model to determine aircraft status. This was due to 
differences in methodologies in determining aircraft status in 
the ASD system and the SCIR system. In the ASD systen, 
probabilties were used to generate aircraft OR, NOR, and RMC 
discrepancies. In the SCIR enhancement, probabilities of 
generating downing discrepancies against appropriate EOCs were 
defined. While the methodologies for determining aircraft status 
are similar, they are not identical and the differences are 
reflected in the coding changes and in the necessary probability 
measures required to implement the methodologies. 


The probability categories that are required to implement 
the SCIR system in CASEE are provided in Table 2. Readiness- 
related probablities, employed in Version 3, are also provided in 
this table for comparison. As may be seen by analyzing the 
table, the probability changes from the ASD system to the SCIR 
system primarily entails eliminating the probabilities related to 
NOR and RMC status and incorporating probabilities relating dis- 
crepancies to EOC codes for each of the mircrete components de- 
fined in the matrix. 


In revising the discrepancy classification methodology to 
implement the SCIR reporting system in Version 5, the EOC code 
probabilities had to be used in the following manner. Each 
discrepancy is checked to see if it should have a subsystem EOC 
code assigned, an AOO code or no EOC at all. The subsystem EOC 
code relates the WRA to a subsystem. If a discrepancy is as- 
signed the subsystem EOC code, it precludes the aircraft from 
flying any mission types requiring that subsystem. If the sub- 
system takes on the AOO EOC code, the discrepancy will not pre- 
Clude any mission from being flown until the actual repair pro- 
cess has begun on the aircraft. Once a repair action begins 
“(In-Work) on the WRA, the WRA will be reassigned the subsystem 
EOC code or an alternate In-Work EOC code. This alternate EOC 
code may also be assigned to a discrepancy that was originally 
Classified with a subsystem EOC code once the aircraft is In- 
Work. The alternate EOC code reflects a further degradation in 
aircraft mission capability than is reflected in the subsystem 
EOC code. The alternate EOC code is assigned to the WRA when the 
repair action required to correct the original discrepancy im- 
wy pacts another, more mission critical aircraft subsystem in a 
Gisabling manner. 


TABLE 2 


ASD SYSTEM AND SCIR SYSTEM INPUT DATA COMPARISON 


ASD System Inputs 


1. Column # 10. - 


2. Column ¢ 33. - 
3. Column # 34. = 
4. Column # 35. = 


5. Column # 36. = 


6. Column # 37. = 


7. Column @# 38. - 
8. Column # 39. - 
9. Column # 40. - 
SCIR System Inputs 


1. Columns #33 


2. Columns #34 & 38 


3. Columns #35 & 39 - 


4. Columns #36 & 40 


5. Columns #37 & 41 


Ground Abort Probability (X1000) 


Probability (X1000) 
Crew Inspection 


Probability (X1000) 
Inspection 


Probability (X1000) 
Inspection 


Probability (x1000) 


Probability (1000) 
Crew Inspection 


Probability (X1000) 
Inspection 


Probability (X1000) 
Inspection 


Probability (X1000) 


of 


of 


of 


of 
of 


of 


of 


of 


causing 


causing 


causing 


causing 


causing 


causing 


causing 


causing 


Subsystem (MESM) EOC code. 


NOR 


NOR 


NOR 


NOR 


RMC 


RMC 


RMC 


RMC 


Ground 


Air Crew 


Daily 


Inflight 


Ground 


Air Crew 


Daily 


Inflight 


Probability (X1000) of discrepancy having 


Subsystem EOC code when received for 
Remove and Replace and Repair-In-Place 
action respectively. 


Probability (X1000) of discrepancy having 


AOO EOC code when received for Remove 
and Replace and Repair-In-Place action 


respectively. 


Probability (X1000) of discrepancy having 


Alternate EOC code in-work for Remove 
and Replace and Repair-In-Place action 


respectively. 


Alternate In Work EOC code, if any for 


Remove and Relace and Repair-In-Place 
action respectively. 
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The actual logic flow in Version 5 used to determine the 
status of a discrepancy is shown in Figure 2. It should be noted 
that in Table 2, there are two entries for EOC inputs 2 through 
5. These two sets of inputs are used to differentiate between a 
Remove and Replace (R/R) action and a Repair-In-Place (RIP) 
action. This differentiation will be numerically illustrated in 
the verification section. The logic flow for determining 
Giscrepancy EOC status is the same for both R/R and RIP actions. 
The following discussion will explain the logic flow diagram in 
terms of the numbers assigned to the logic blocks shown in Figure 
2. 


Block Number 1 - A newly generated discrepancy initiates 
processing. Using the input in column 33, a determination is 
made to see if the discrepancy has a subsystem EOC code. If the 
discrepancy does not have a subsystem EOC code, it joins other 
squadron discrepancies and the discrepancy is classified as a 
non-downing discrepancy. If the discrepancy has an EOC code, it 
goes to block #2 for further processing. 


Block Number 2 - For discrepancies with a subsystem EOC 
code, a random draw is made to see if the discrepancy should be - 
assigned the subsystem EOC code. This determination is made 
using the probability defined in column 34 or 38. If the 
discrepancy is assigned a subsystem EOC code it is sent to block 
#3 for processing. If the discrepancy does not have the EOC code 
assigned to it, it is processed at block #4. 


Block Number 3 - Discrepancies with a subsystem EOC assigned 
to them have the appropriate subsystem EOC code statistics 
compiled. The discrepancy is then sent to block #6 for 
processing. 


Block Number 4 - Discrepancies that have a related subsystem 
EOC code but are not assigned this EOC code when received ini- 
tiate processing to see if they should be assigned an A0O EOC 
code. The probability of this happening is dependent on the 
probabilities defined in columns 35 or 39. The AOO code proba- 
bility is added to the subsystem EOC code probability for 
processing at block #5. 


Block Number 5 - Items having a probability of being 
assigned an AOO EOC code are now processed against the same 
probability measure that rejected the assignment of the subsystem 
EOC code to the discrepancy. If the discrepancy is not assigned 
an AOO code it is joined with other squadron discrepancies. If 
the discrepancy is assigned an AOO code, the appropriate A0O code 
statistics are compiled and the discrepancy is sent to block #6 
for processing. 


Block Number 6 - For the discrepancies assigned a subsystem 
EOC code or an AO0O code there may exist a probability that an 
alternate EOC code will be assigned to these actions during 
In-Work status. The probability of an alternate EOC code In-Work 
is defined in column 37 or 41. If these columns have no input, 
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FIGURE 2 
SCIR LOGIC FLOW DIAGRAM 
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i an alternate EOC code in work cannot be assigned and the discrep- 

te ancy will be sent to join the other squadron discrepancies as 
non-SCIR related. If these columns have a valid alternate EOC 

f code, a random draw is made to see if the alternate EOC code 

7 should be assigned to the discrepancy. This determination is 
made with the probability defined in column 36 or 40. After 
determination is made as to the In-Work EOC code, the discrepancy 
is sent to join other squadron discrepancies. 


Block Number 7 - At this block the aircraft discrepancy 


8 count is increased. This keeps the aircraft discrepancy count 
current. 
ex, 


(re 
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SCIR Output Data Description 


Under the ASD reporting versions, readiness hours were 
measured against each individual aircraft and reported in the 
REDI matrix for each squadron simulated. ASD related Awaiting 
Maintenance hours (AWM) are reported in the AWMR matrix. These 
hours are summarized by NORM and RMC categories. 


In the SCIR reporting version, readiness hours against the 
aircraft are reported in the UTIL matrix. This matrix is compar- 
able to the old REDI matrix but uses SCIR terminology. The AWMR 
matrix is also used in the SCIR based version of CASEE, however, 
awaiting maintenance hours are summarized by FMC, PMC and NMC 
categories. Unlike the ASD reporting version both SCIR impact 
hours and SCIR discrepancy hours are reported. 


The SYST matrix in Version 5 is analogous to the SYSH matrix 
in Version 3. Both matrices are a compilation of the information 
in the MXLIB (matrix library). However, the SYST matrix has been 
expanded to accumulate impact and discrepancy time by subsystem 
for NMC, PMC and AWM categories. 


Two new matrices have been added to CASEE in Version 5 to 
accomodate the additional reporting outputs generated by the SCIR 
system. The first of these matrices is the MCAP matrix. Impact 
hours for the reporting period are logged against each aircraft 
in the squadron and then against each mission code that the air- 
craft is capable of flying. The second new matrix included in 
Version 5 is the SCIM (SCIR Impact Summary) matrix. This matrix 
summarizes impact and discrepancy hours against each possible EOC 
code for both maintenance and supply categories. 


A description of the CASEE Version 5 Mod 2 input and output 
matrices is provided in Appendix A. Matrix changes and additions 
reflecting the added SCIR logic and the non-cyclic launch sched- 
uling routine, discussed in the next section, are delineated to 
the right of the comment statements. 
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Non-Cyclic Launch Scheduling Routine 


The second enhancement described in this report is the 
Non-Cyclic Launch Scheduling option. In CASEE, an aircraft 
carrier's flight operations are referred to as cyclic operations 
while a shore-based flight operations are referred to as 
non-cyclic operations. This terminology will be used in this 
report. Non-cyclic launch scheduling operations in CASEE are 
characterized by launch times that are not governed by a deck 
cycle, typical of carrier based air operations. The launch times 
for cyclic operations and non-cyclic operations are defined in 
military time. In addition, the non-cyclic launch times utilize 
user defined launch windows which provide flexibility in achiev- 
ing the scheduled launches. Provisions for flight quarters, and 
aircraft respot times utilized in cyclic operations are not 
needed during non-cyclic operations. 


Cyclic operations are presently defined in terms of launch 
cycles in the Airplan matrices. The Airplan matrices are also 
used to define the missions to be flown at each launch event, the 
number of alert aircraft required for each launch event by mis- 
sion types, and the minimum number of aircraft required to fly 
each mission. However, while in cyclic operations the mission 
Guration is defined in terms of carrier launch cycles, for non- 
cyclic operations the mission duration is defined in terms of 
clock units (one tenth of an hour) using military times. The 
launch window option which was implemented for non-cyclic opera- 
tions enhances mission accomplishment as discussed in the fol- 
lowing paragraph. 


Aircraft missions are set to launch at a specified time. In 
the simulated cyclic operations if the minimum number of aircraft 
required to fly the desired mission are not available, that 
mission is cancelled. This cancellation is a function of having 
mission times defined by a stringent flight deck cycle. The na- 
ture of shore based flight operations however, may allow for 
mission times to be more flexible since there exists less con- 
straints on launch activities compared to those on a carrier. It 
is recognized that certain missions must be launched within a few 
minutes of the schedule to make commitments over bombing ranges, 
etc. Inclusion of a launch window allows more time for the re- 
quired number of aircraft to become available to fly a mission. 
To illustrate the launch window concept, assume a mission re- 
guired six airplanes to be launched, but six aircraft were not 
available exactly at the time of launch. If there was a launch 
window of one hour associated with this mission, and the addi- 
tional needed aircraft became available for launch within this 
hour, the mission would be flown. However, if the original mis- 
sion capable aircraft could have been used for lower priorty 
missions during the launch window time period they would have 
flown these missions. Aircraft are not reserved for higher 
priority missions during a launch window. 


Por cyclic operations, provisons were made for flight quar- 
ters and respot activities. As related to air operations and 
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maintenance procedures, flight quarters and aircraft respoting 
allow some activities to take place and precludes others from 
taking place. However, in non-cyclic flight operations flight 
quarters and aircraft respoting were not integrated into flight/ 
maintenance activities as they are in cyclic operations and 
therefore, are not simulated in the CASEE non-cyclic operation 
option. Cyclic operations also provide for in-cycle flight deck 
waintenance. This option is not provided in non-cyclic opera- | 
tions. Though these changes are simple in principle, they still 
required substantial review and revision of the carrier based 
CASEE logic and coding. 


To accommodate the inclusion of non-cyclic operations in 
Version 5 of CASEE, several clarifications and changes had to be 
made to existing input matrices. Two additional input matrices 
had to be developed. These non-cyclic related matrix changes 
will now be discussed. 


Additional inputs were required in the EXEC matrix, the 
COMPL matrix, and Airplan matrices. Additional outputs were 
required in the MISX matrices. The two matrices that were added 
to Version 5 to accommodate this enhancement were the LTIMC 
matrix and the LTIM matrix. 


The LTIMC matrix is used only in conjunction with cyclic 
operations. This matrix defines the carrier launch cycle on a 
day-by-day basis. This cycle is used by all aircraft squadrons 
on board the carrier. The LTIM matrix is to be used in conjunc- 
tion with non-cyclic operations. This matrix defines the daily 
squadron launch times. A new-matrix is defined for each squadron 
(LT1M1, LT1M2, etc.). Both matrices require the same set of in- 
puts which are the total launch events per day, and the time of 
day of each launch event using the 24-hour clock for each day of 
flight operations. 
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IMA Su rt Equi nt (SE) Description 


The final enhancement which was performed by the study team 
under this effort was in the CASEE IMA logic. Calendar year 1981 
enhancements to this segment of the CASEE logic provided the real- 
istic modeling of component Turnafound Times (TAT) and the subsets 
of that which include processing, scheduling, actual repair time 
and awaiting parts. In order to establish a limited capability in 
the CASEE model to simulate SE availability and measure its impact 
or er component TAT an enhancement to the CASEE model was ini- 
tiated. 


Currently, the IMA logic can be activated by the CASEE user 
by introducing the appropriate logic statements through the Update 
Deck. The primary function of the Update Deck, as illustrated in 
Figure 3, is to provide the necessary interface between the CASEE 
user and the master source file. In a secondary capacity it fre- 
quently serves as a means of introducing temporary modifications 
into the model logic without revising the master. As long as users 
of a given Version and Modification of CASEE employ the same Up- 
date Deck, identical runs should give identical results. 


An eventual outcome of the use of the Update Deck as a means 
of temporary modification is that the resultant increase in the 
number of cards makes it more difficult to handle and it becomes 
relatively inefficient in performing its primary function. At 
some such point it is necessary to conduct a total review of the 
temporary Update Deck entities, determine if any should be re- 
tained and decide whether it is appropriate to initiate their in- 
corporation into the master source file. 


The SE that was considered for the enhancement effort and is 
described in this section is the AN/USM-469 Radar Test Station (RTS). 
This SE serves as the primary support equipment for the F/A-18 Radar 
Set. To be consistent with the current IMA configuration, the SF 
enhancement was also programmed through the Update Deck. Figure 4 
presents the logic flow diagram of the SE enhancement. 


Since the AN/APG-65 contains a mixture of digital and analog 
components, the RTS provides a digital port and an analog port. When | 
either port is down for maintenance the other port will normally be 
able to continue testing components. The exception is a failure in 
the central processor or the power supply of the RTS, which are 
common to both ports and therefore would render the entire RTS in- 
operable. 


The most interesting aspect of this interaction is the repair 
of the RTS itself. The entire station must be shut down in order 
to repair either side, even if the power supply or central proces- 
sor are not involved. If the digital side is down while the analog 
side is up, for instance, a decision must be made as to whether the 
entire station should be shut down completely to repair the digital 
port, or to continue to repair analog items, while allowing the di- 
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FIGURE 4 (CONTINUED) 
LOGIC FLOW OF RTS OPERATIONAL STATUS 
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FIGURE 4 (CONTINUED) 
LOGIC FLOW FOR FAILURE OF PORT IN USE 
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FIGURE 4 (CONTINUED) 
LOGIC FLOW FOR OPPOSITE PORT BEING DOWN 
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gital items in need of repair to continue to queve. Discussions with 
fleet personnel revealed that numerous factors can have a direct 
bearing on this decision such as the number of expedited repairs 
(XREPS) or non-expedited repairs (NREPS) for either port, length 

of the queues for each port, availability of each port, etc. In 
order to reflect these decisions, several criteria were developed. 

A summary of these decisions criteria for different conditions are 
summarized in Table 3. 


The operating concepts of the RTS includes a significant amount 
of time devoted to self-testing. Each time an end-to-end run-through 
of the testing cycle configured for a specific WRA is initiated, it 
is preceded by an internal validation check that consumes approxi- 
mately 10 minutes of operating time. The normal test cycle for on- 
line repair, as described in RTS loading projections, consists of 
the following: connecting the assembly to the RTS and configuring 
the system, initiating the self-test and end-to-end run, diagnosing 
the failure identified by the run, repairing the failure, completing 
the end-to-end run to check for additional failures, repeating the 
self-test and end-to-end test to validate that the item is in fact 
repaired, and disconnecting the apparatus. These inputs are defined 
by the user prior to the simulation for each WRA that utilized the 
RTS. 


Appendix B of this report contains the appropriate logic state- 


ments that must be introduced in the Update Deck of Version 5 Mod 2 
to exercise the RTS. 
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TABLE 3 


RTS REPAIR DECISION CRITERIA FOR ONE PORT DISABLED 


Disabled Port 
Workload 
Status 


XREPS in Queue 


XREPS in Queue 


NREPS in Queue 


NREPS in Queue 


NREPS in Queue 


No Repairs 


Are In-Process 


No Repairs are 
In-Process 


AND ONE PORT FUNCTIONAL 


Functional Port 
Workload 
Status 


Repairing XREPS 


Repairing NREPS 
or No Repairs in 
Queue 


Repairing XREPS 


Repairing NREPS 


No Repairs in 
Queue 


Repairing XREPS 
or NREPS 


No Repairs are 
in Process 


RTS Repair 
Decision 


Continue Operating 
Functional Port 


Shut Down RTS to 
Repair Disabled Port 


Continue Operating 
Functional Port 


Continue Operating 
Functional Port 


Shut Down RTS to 
Repair Disabled Port 


Continue Operating 
Functional Port 


Shut Down RTS and 
Repair Disabled Port 


VERIFICATION 


General 


The need to provide the user community and other interested 
observers with the assurance that a simulation will accurately 
portray the "real world’, is an ever present commitment that must 
be met by those engaged in simulation model development. In 
verification tasks involving the CASEE model enhancement to date, 
a consistent approach has been followed for several yezrs. The 
two basic elements are functional logic checks and numerical val- 
idation as described below. 


The basic approach to verification associated with periodic 
model updating recognizes that extensive functional logic checks 
would have already been accomplished prior to the current en- 
hancement effort that is underway. Under these conditions, it 
remains to identify those functions on the original listing which 
are now being modified and to check the final listing to confirm 
that all needed changes have been accomplished to yield a new and 
acceptable logic, consistent with the operational environment to 
be simulated. 


SCIR Enhancement Verification 


To validate the SCIR Logic enhancement, analysis was first 
performed to develop SCIR related input data capable of exercis- 
ing the CASEE logic. This initial analysis was performed on data 
obtained from 1981 A-7E operating squadrons. The A-7E aircraft 
has over 1400 maintenance significant WRAs. 


The data was obtained from the 3-M system and was summarized 
at the 2-digit work unit code level. Two digit work unit code 
sensitivity is more than adequate for numerical validation of the 
SCIR logic enhancement. The data summarization is presented in 
Table 4. Table 4 presents the probabilities that reflect the 
logic changes due to the SCIR enhancement. Formulation of these 
probabilities is the first step in performing a numerical valida- 
tion of the SCIR logic enhancement. The probabilities are X1000 
and reflect the probability of an aircraft discrepancy receiving 
a subsystem EOC code as an AOO code for R/R maintenance actions 
and for RIP maintenance actions. 


CASEE simulation runs using the defined inputs were con- 
ducted as part of the verification process. The values shown in 
Table 4 were compared to those generated by the CASEE model to 
ensure correct operation in simulating the proper proportions of 
SCIR-related discrepancies at the system and aircraft level. The 
results of this analysis are provided in Tables 5 and 6. 
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TABLE 4 


A-7E SCIR-RELATED INPUT PROBABILITIES FOR SUBSYSTEM EOC WHEN 
RECEIVED AND AOO CODE WHEN RECEIVED - (X1000) 


Remove & Replace Action Repair In Place Action 
P (EOC) P (A000) P (EOC) P (A00) 
Code Code Code Code 
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TABLE 5 


COMPARISON OF SCIR DATA FOR R/R ACTIONS 
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TABLE 6 


COMPARISON OF SCIR DATA FOR RIP ACTIONS 
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The results in Tables 5 and 6 indicate that the CASEE SCIR 
logic produces the correct frequency of SCIR discrepancies for 
both R/R actions and RIP actions. It is believed that this 
verification is the initial phase to a total verification of the 
CASEE SCIR logic to be implemented in the near future. The 
purpose of this effort was to ensure that the flow of events 
which directly impacts on aircraft mission capability status, 
such as frequency of downing discrepancies is acceptable. 
However, due to the complex nature of the SCIR system and the 
lack of a representative SCIR data base a total verification of 
the SCIR logic is not presently possible. A numerical valida- 
tion of the logic to assess whether the model produces readiness- 
related parameters by making direct comparison with 3-M data is 
beyond the scope of this study. Such an effort however should 
and could be implemented in the near future. At that time, the 
model would have been thoroughly tested by the user community and 
a SCIR data base for a current fleet operating aircraft would be 
available for the purpose of such a verification. It is antici- 
pated that the capability to generate such a data base for any 
fleet aircraft tailored to the newly created SCIR version would 
exist during the first quarter of calendar year 1983. 
Implementation of a total verification of the CASEE SCIR logic 
could be accomplished shortly thereafter. 
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Launch Scheduling Routing Verification 


The verification of the CASEE non-cyclic launch scheduling 
routine consisted of conducting several selected simulation runs 
with the objective of checking appropriate segments of the CASEE 
logic. Since the CASEE enhancement in this area also resulted in 
logic changes to a significant portion of the original CASEE 
cyclic launch scheduling routine, a verification of both the 
eyclic and non-cyclic logic was required. 


As mentioned earlier, the primary difference between the 
non-cyclic versus the cyclic launch options was the implementa- 
tion of the launch window and the feasibility of scheduling sor- 
ties without regard to carrier launch and recovery cycle con- 
straints. In view of this, the first verification proceeded to 
develop an operational scenario which can be properly defined in 
both options with the objective of comparing the results to 
Getermine whether similar results could be obtained. A series of 
runs using an A-7E flight scenario was defined for this purpose. 
These runs were performed using a launch window set to zero and 
with a schedule which launches two hour sorties every two hours. 
The CASEE results for this scenario as defined in the cyclic and 
non-cyclic versions were significantly alike, indicating that no 
unique problems or inconsistencies exist in the two launch 
routines. 


In order to test the launch window in the non-cyclic option, 
a small program was developed and incorporated into the CASEE 
runs to conduct internal checks and track launch times of each 
sortie. An examination of three 6 month runs showed that the 
launch window was functioning properly and did generate resched- 
uled sorties within the launch window where possible. As support 
constraints were further defined within the model (such as spares 
and manpower) the model responded with a corresponding increase 
in the number of sorties which were launched during the launch 
window. 


Support Equipment Enhancement Verification 


The RTS flow logic verification was conducted by performing 
an extensive functional logic check to ensure that repair trans- 
actions are correctly processed by the program under anticipated 
conditions. A dummy data base consisting of the radar components 
was developed prior to exercising the model logic. Numerous 
simulation runs were then conducted under varying conditions such 
as reduced spares levels, RTS operational availability and air- 
craft utilization levels to ensure proper operation of the key 
decision blocks within the RTS logic. Results of the analysis 
concluded that the RTS logic was properly functioning. 


All of the enhancements developed under this contract have 
accomplished the desired results. The comparison of output para- 
meters affected by the newly implemented SCIR logic, non-cyclic 
launch routine and SE modification has demonstrated that each of 
them is properly integrated into CASEE. Detailed comparison of 
simulation output with actual Navy experience were not conducted, 
but only because a data base of the desired type of operation 
could not be defined and is not readily available in 3-M using 
the same aircraft type. As a consequence, the model was run at 
length and monitored to ensure that proper decisions were made in 
the simulation at key steps in the model logic. 


The other candidates for enhancement noted in the Recommen- 
dation section of this report should be given every consideration 
for development in the immediate future. These additional en- 
hancements would encompass the adaptation of the CASEE Version 4 
Mod § (V4M%) model to track weapon system readiness using the 
SCIR logic and the introduction of an improved model execution 
routine which uses a cumulative WRA failure probability distribu- 
tion to determine the failed WRA, thus reducing computer re- 
sources requirements and runs cost. 


CONCLUSION 


The versatility and efficiency of CASEE have been consider- 
| ably enhanced by this effort. However, the additional enhance- 
ments identified in this report should be pursued at the earliest 
possible date. 
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RECOMMENDATIONS 


It is recommended that additional enhancements be developed 
and incorporated into the model at the earliest possible date. 
It is believed that the improvements listed below will respond to 
requirements for enhancing the V/STOL version of CASEE, used 
earlier in SBA applications, to increase the operating efficiency 
and its utility for Navy project support. 


a. Implementation of SCIR logic into Version 4 Mod 9g. 


b. Enhancement of Version 4 Mod @ model in the mainte- 
nance action generation routine to reduce runtime and 
execution cost. 


c. The combining of CASEE with a large simulation model of 
the detailed operations at a typical IMA avionics shop 
to provide an interactive evaluation of IMA proposed 
concepts. 


ad. An in-depth validation of the SCIR logic to ensure the 
model produces readiness statistics representative of 
those experienced by current operational aircraft. 
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VERSION 5 MOD 2 SOURCE LISTING 
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